To analyze the efficiency of organic and inorganic substrates in samples of benthic macroinvertebrates of riparian forests from the Cerrado. Specific objectives: (i) characterize the ecological succession and taxonomic richness of benthic macroinvertebrates in stream affluent of a riparian forest; (ii) analyze the influence of seasonality on the colonization of macroinvertebrates; and (iii) determine the effect of the types of artificial substrates on the richness, composition and abundance of the benthic community. Methods: Sampling was carried out in the rainy and dry seasons, and we installed in the watercourse two types of substrates: organic (leaf packs) and inorganic (bricks), organized in pairs. Six samples per season were done to verify colonization, succession, richness and abundance of benthic community. The substrates were carefully sorted and the organisms were identified to the lowest possible taxonomic level. Results: The ecological succession was clearly observed, with the initial occurrence of Chironomidae and Baetidae (considered early colonizers), and a late occurrence of organisms such as Helotrephidae and Trichoptera (considered late colonizers). No significant difference was found in the richness and abundance among the studied seasons (rainy and dry), but the organic substrate was significantly higher than the inorganic substrate for these parameters. Conclusion: Organic artificial substrates are more efficient in characterizing the community of benthic macroinvertebrates in the study area, because they are more similar to the conditions of the substrate found naturally in the environment.
colonization to reach the equilibrium community (Esteves et al., 2011) .
Given the importance of using artificial substrates in the study of benthic macroinvertebrates, evaluating the efficiency of them for sampling the benthic community is of great importance, especially in ecosystems where these studies have not been conducted. This study had the following objectives: (i) characterize the ecological succession and taxonomic richness of benthic macroinvertebrates in stream affluent of a riparian forest; (ii) analyze the influence of seasonality on the colonization of macroinvertebrates; and (iii) determine the effect of the types of artificial substrates [organic (leaf pack) and inorganic (brick)] on the richness, composition and abundance of the benthic community. Based on these objectives, the following hypotheses were tested: (1) colonization and succession: this hypothesis predicts an increase in richness and abundance, as well as a substitution of species (or taxa) over time in both substrates (Thomazi et al., 2008) ; (2) Seasonal variation: this hypothesis predicts greater richness and abundance of macroinvertebrates in the dry season (Esteves et al., 2011) and (3) type substrate: this hypothesis predicts greater richness and abundance in the organic type substrate due to greater availability of resources and similarity for the natural substrate (Bruno et al., 2012; Thomazi et al., 2008) .
Material and Methods

Study area
This study was conducted in a first order stream, affluent of 'Ribeirão do Panga', situated in a privately conservation area, the Panga Reserve of Universidade Federal de Uberlândia, in Uberlândia, Minas Gerais, Brazil (Figure 1 ). The stream has intact and stable margins, of a riparian forest of Cerrado, without signs of erosion and/or sedimentation of the channel or any anthropic impact (Cardoso et al., 2009; Bruno et al., 2012) . The climate is marked by two distinct seasons: the
Introduction
Benthic macroinvertebrates (BM) have a huge ecological importance to many aquatic ecosystems, e.g., they have a key role in food chains (Suriano & Fonseca-Gessner, 2013) . These organisms are an important link between the basal resources and fish (Callisto et al., 2001 ). Moreover, they can degrade allochthonous material of aquatic ecosystems (Carvalho & Uieda, 2004) . Due to its great diversity and occurrence in multiple habitats, BM are commonly used in ecological assessment of aquatic ecosystems (Milesi et al., 2008) .
The BM fauna present in an ecosystem can be measured and characterized by colonization of patterned substrates (Esteves et al., 2011) . This important tool also makes it possible to analyze changes in richness and composition of communities over time (ecological succession), and determine the exact time from this process (Ribeiro & Uieda, 2005) . Several studies of BM colonization use artificial substrates to characterize the benthic fauna (e.g., Leite-Rossi et al., 2015; Pereira et al., 2010; Wantzen & Pinto-Silva, 2006) .
Artificial substrates are elements used to transcribing environmental characteristics to be studied (Bicudo & Bicudo, 2004) . These substrates can be divided into organic and inorganic group. Inorganic substrates, such as rocks, do not decompose because they are not chemically active. Conversely, this occurs in organic substrates, such as leaves and trunks of riparian trees.
The use of artificial substrates has advantages and disadvantages. Some advantages correspond as having the smallest sample variability, the fact of not damaging the environment and having less foreign material in the sample unit (which occurs in nets sampling) (Resh & Jackson, 1993) . Besides, it is easy to purchase because of their low cost. Some disadvantages are the possibility of occurring habitat selection by specialist organisms (Leite-Rossi et al., 2015) , not having information about the local substrate and the need of a relatively long time for abundância da comunidade bentônica. Os substratos foram cuidadosamente triados e os organismos foram identificados até o menor nível taxonômico possível. Resultados: A sucessão ecológica foi claramente observada, com a ocorrência inicial de organismos das famílias Chironomidae e Baetidae, colonizadores iniciais, e uma ocorrência tardia de outros organismos como Helotrephidae e Trichoptera, colonizadores tardios. Não houve diferença significativa na riqueza e abundância entre as estações estudadas (chuva e seca), porém o substrato orgânico apresentou valores significativamente maiores que o substrato inorgânico para estes parâmetros. Conclusão: Os substratos artificiais orgânicos são mais eficientes na caracterização da comunidade dos macroinvertebrados bentônicos na área de estudo, por se assemelharem mais às condições do substrato naturalmente encontrado no ambiente.
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dry, with drought from May to September with an average temperature of 19.3 °C and average rainfall of 26.36 mm, and wet from October to April with an average temperature of 23.9 °C and average rainfall of 318.9 mm, representing 86.7% of the total annual rainfall (Silva & Assunção, 2004) .
Experimental design
The experiment was conducted during the rainy ( mesh plastic screen with a mixture of fresh random leaves containing four plant species from the studied riparian stream) and inorganic substrate -brick (size 195 mm long by 155 mm wide by 45 mm deep with galvanized steel 12.5 mm mesh). The substrates were arranged in six pairs (each pair with each type of substrate) and distributed along the stream with an average distance of 0.5 m per pair.
For the samplings in the rainy season, the pairs of substrates were installed on the first day of February and in the dry season, on the thirty-first day of May. Thus, the samples were taken, respectively, in 3th (S1 = Sampling 1), 5th (S2 = Sampling 2), 7th (S3 = Sampling 3), 14th (S4 = Sampling 4), 21th (S5 = Sampling 5) and 28th (S6 = Sampling 6) days after installation, and on each gathering it was removed a pair of substrates with network "D" support (0.25 mm mesh). The materials were individualized in plastic containers, specifying the type of substrate and date of sampling, with fixation in 3% formalin.
The samples were processed by triage of all the material and the organisms were identified and quantified with stereomicroscope using a specialized identification keys (see Bruno et al., 2012; Esteves et al., 2011; Merrit & Cummins, 1996) . The family category was the lowest taxonomic level used to determine the OTU (Operational Taxonomic Units) (Carvalho & Uieda, 2004) . It was not possible to identify some classes and orders like Hirudinea, Oligochaeta and Lepidoptera, due to the difficulty of visualization in key features. In this study, the richness was analyzed using the number of OTU's as unit.
Statistical analyses
Quantitative data are presented as mean ± SE. Normality was tested using Shapiro-Wilk test and homoscedasticity using Levene´s test. Where appropriate, data were transformed using log 10 (Zar, 1999) . The differences between the samplings, seasons and substrates in relation to richness and abundance were evaluated using repeated measure ANOVA test (performed by a General Linear Model/GLM) and multiple comparisons were carried out using Tukey's test for pairwise comparisons. Statistical procedures were performed using Minitab 17.1.0 software. The abundance was determined by quantitative count of each OTUs found in each substrates (for sampling day). Due to the low sample size data, sampling of each substrate were added to obtain variance and used in the GLM model to test the influence of seasonality and time (colonization) on the richness and abundance of macroinvertebrates.
Results
Overall, the succession in the rainy season was marked by an initial colonization of Chironomidae and Baetidae, which remained throughout the sampling period. Baetidae presented an increasing abundance to S4 (14th day), and kept stable until the 21th day, before rising again in the last sampling (28th day). The other groups were only recorded from S2 (5th day), but their presence have not been stabilized and had a low abundance ( Figure 3A ). In the dry season, the main family of colonizers was Baetidae, which also remained present throughout the whole sample, with varying abundance. However, despite the Chironomidae appeared only in S2 (5th day), their abundance increased to S5 (21th day), predominating over other organisms, which had lower abundance values ( Figure 3B ).
Initial colonization of Chironomidae in brick ( Figure 4A ) and Baetide in leaf pack ( Figure 4B ) marked the succession patterns found in substrates.
Late organisms of brick were Helotrephidae, Philopotamidae and Calamoceratidae, while for the leaf pack were Ceratopogonidae, Elmidae and Hydropsychidae. The most striking difference between the substrates was the occurrence of Baetidae in brick (dry season), which occurred only in S6 (typical of late organism) ( Figure 4A) ; while for leaf pack, they were colonizers in the two seasons, appearing in all samples ( Figure 4B) . Finally, the leaf pack supported a greater diversity of organisms during the colonization, probably due to its availability of food resources. The OTU's number to leaf pack varies between 9 and 15 in the dry and rainy season respectively, and to brick between 3 and 7 in the dry and rainy season, respectively.
The results of the ANOVA test showed that abundance did not vary significantly between sampling seasons (p > 0.05, Table 1, Figure 5A ). Thus, the dry and rainy periods did not affect the amount of organisms that colonize new available substrates. However, the variation was significantly different between the samples (time) and the type of substrate. The Tukey's test analysis indicated that the abundance values collected in S1, S2, S3 and S4 were not significantly different from one another, despite the progressive increase among them. The variation in abundance was significantly higher only in the final samples (S5 and S6) (p < 0.05, Table 1, Figure 5B ). Regarding the substrates, the abundance of individuals in leaf packs was significantly higher than that found in bricks (p < 0.05, Table 1, Figure 5C ) and each substrate tends to be more abundant over time (Figure 6) .
The results showed that richness did not vary significantly between seasons (p > 0.05, Table 2, Figure 7A ). Regarding the collection time, the richness of macroinvertebrates showed no significant differences between some samplings, despite the increase presented in the Figure 7B .
However, S3 and S5 collects were significantly different from S1 (Tukey's test) (p < 0.05, Table 2, Figure 7B ). Richness also varied significantly between the substrates. The leaf pack showed greater richness of macroinvertebrates than brick substrate (p < 0.05, Table 2, Figure 7C ). The richness of organisms has increased over time to both substrates (Figure 8 ), indicating colonization, as was the appearance of organisms beyond the colonizers, such as representatives from Leptophlebiidae and Hydrophilidae, which appeared only in the 14th day. 
Discussion
The richness and composition of organisms sampled in "Ribeirão do Panga" affluent were in accord with expectations due to the good quality of this watercourse in the study area. Moreover, the affluent also offered a good qualified environment and habitat heterogeneity for benthic macroinvertebrates. The results were representative for all the EPTs, as well as other common organisms such as the Chironomidae. Individuals from Ephemeroptera, Plecoptera and Trichoptera are known to be susceptible organisms and have they occurrence restricted to environments with low human impact (Buss et al., 2004; Bispo et al., 2006) . Silveira et al. (2006) , in their study on biological assessment of water quality in two watersheds of the river Mogi Guaçu, São Paulo, has also recorded the Chironomidae as the most frequent, because they are common organisms. They also found Chironomidae in all sampling points of river Mogi Guaçu, including anthropogenic passages, but families such as Vellidae and Perlidae were registered only on not impacted points (Silveira et al., 2006 ). There's a few searchs about the studied stream, but the results in relation to the benthic community structure patterns was according to the commonly observed in the stream evaluated, thus the substrate used (especially the leaf pack) was effective in sample the benthic community of the study area (Guimarães-Souto et al., 2014; Bruno et al., 2012) .
Overall, the abundance increased significantly in the final samples (S5 and S6), indicating a growing number of organisms on the both substrates analyzed, as expected by our hypothesis. Dipteran individuals (e.g., Chironomidae) remained present in all samples, increasing up to the 21th day, as well as Ephemeroptera, which also increased its density along the samplings. These results corroborated similar findings observed by Carvalho & Uieda (2004) in an experiment of colonization in natural and artificial substrates in Ribeirão da Quinta in Itatinga, São Paulo, where Diptera was quite representative and Ephemeroptera was late colonizer. In the final sampling, the presence of a larger amount of OTU's caused a significant increase in richness. This suggests a possible ecological succession because, according to Brower (1984) , in the successional process, colonization of less fastidious organisms leads to changes in the environment. Consequently, it will offer favorable conditions for more demanding specialized organisms and can be a late colonizer.
In the rainy season, the succession began with initial colonization from Chrironomidae and Baetidae and a late colonization from Helotrephidae and Trichoptera (Philopotamidae, Calomoceratidae and Xyphocentronidae), with a reduction in the abundance of Chironomidae in the last collection. Thomazi et al. (2008) obtained similar results, with the late onset of Trichoptera and Chironomidae decrease, as chironomids (pioneers) have disadvantages within the competition for food and space, due to the great mobility of Trichoptera (late) (Thomazi et al., 2008) . However, in the dry season, the succession showed different results, because Chironomidae was present only in S2, with higher frequencies in the following samplings.
We expected that the rainy season had presented lower values of richness and abundance of benthic macroinvertebrates, as was observed in similar studies (Thomazi et al., 2008; Ribeiro & Uieda, 2005) . According to Thomazi et al. (2008) , because of the current increased by the rainfall, there will be a drag formation in the river below organisms, reducing abundance and richness of benthic macroinvertebrates. However, this study did not confirm this hypothesis, since neither the abundance nor the richness differed between sampling stations. This may be related to the year collection (2014), which was atypical due to lack of rainfall in the study area.
The substrates showed significant differences in the richness and abundance of BM, and were significantly higher in leaf pack substrate. This result is in accordance with the expectations, as the organic substrate is attractively more similar to the natural habitat and provides many resources (Bicudo & Bicudo, 2004) . On the other hand, the bricks offer refuge to BM against running water and risk predation. The leaf pack has heterogeneous adhesion substrates, according Sanseverino & Nessimian (2008), provide the aquatic community source of food and/or shelter against the running water and predators, which can positively influence the richness and the distribution of aquatic organisms. However, most of the analyzed studies (Carvalho & Uieda, 2004; Thomazi et al., 2008) always make use of inorganic substrates for sampling, and the organic substrates are rarely mentioned. Thus, the study showed that the organic substrates are better samplers when compared to inorganic substrates, and therefore should be more researched and used, for a better sampling of the organisms, preventing the discrepancy between the natural and artificial substrate interfere in the sample. Besides, it showed colonization and succession also, in which there was an increase of richness and abundance, as well as a substitution of species (or taxa) over time in both substrates.
